Sterol regulatory element-binding proteins (SREBPs) as regulators of lipid metabolism: polyunsaturated fatty acids oppose cholesterol-mediated induction of SREBP-1 maturation.
Cellular cholesterol and fatty acid metabolism in mammals is controlled by a family of transcription factors called sterol regulatory element-binding protein isoforms, three of which (SREBP-1a, 1c, and 2) are well characterized. These proteins, which are synthesized as precursors, are inserted into the endoplasmic reticulum (ER) membrane with both the amino and carboxylic acid domains facing the cytosolic face of the membrane. In sterol-deficient cells, proteolytic cleavage of SREBPs occurs, thereby releasing their N-terminal mature and active forms and enabling them to enter the nucleus, where they bind to the sterol regulatory response element (SRE) and/or E-box sequences and activate genes involved in cholesterol, triglyceride, and fatty acid biosynthesis. Of the three SREBP isoforms, SREBP-1c gene expression is induced by cholesterol and repressed by polyunsaturated fatty acids (PUFA). We have examined the changes in SREBP-1c mRNA and protein levels as well as the mRNA levels of several SREBP-1c target genes when a high-cholesterol diet is combined with diets rich in PUFA of the n-6 series. Our studies show that PUFA oppose the cholesterol-mediated SREBP-1 maturation without affecting the cholesterol-mediated increase of SREBP-1c mRNA and precursor protein. The decrease in SREBP-1 mature protein paralleled the decrease in mRNAs for genes of fatty acid and cholesterol biosynthesis, such as HMG-CoA synthase and fatty acid synthase, but interestingly gene expression of stearoyl-CoA desaturase 1 (SCD1) was instead induced. These studies suggest that the main point of control of PUFA-mediated suppression of lipogenic gene expression is the inhibition of SREBP-1 maturation. The studies also reveal that the induction of SCD1 gene expression by cholesterol occurs through a mechanism independent of SREBP-1 maturation.